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Abstract The least-mean-square  (LMS)  adap- 
tive filter is applied to suppress  narrow-band  radio- 
frequency interference (R.FI) in wideband  synthetic 
aperture  radar (SAR.) signals.  Simulation is used 
to show the working principles of the adaptive fil- 
ter  and  to  obtain  the  optimum filter's parameters. 
The algorithm is tested  with  P-band  synthetic  aper- 
ture  radar (SAR.) data collected by the  NASA/JPL 
airborne SAR. (AIRSAR.) in different noisy environ- 
ments. 

INTRODUCTION 

The  dual requirement of a low radar frequency for 
foliage and/or ground  penetration  and  a wide radar 
bandwidth for high resolution  in  wideband radar sys- 
tems leads to  radars  operating in frequency bands 
occupied by other  radio  systems, such as radio com- 
munications,  navigation, police, emergency rescue, 
. . . [l, 21. In  this  study, we will apply the LMS algo- 
rithm [3, 41 to  remove narrow-band RFI from wide- 
band SAR. signals. We first formulate the LMS al- 
gorithm  and describe the point target  simulator. We 
then show the  output of the pulse compression fil- 
ter. Finally, we show cleaned images obtained by 
applying the adaptive filter to  data collected by the 
NASA/JPL  P-band TOPSAR./AIRSAR  system [5] 
and processed with an interferometric SAR. proces- 
sor developed at  JPL [6]. 

THE LMS ALGORJTHM 

The LMS adaptive filter is shown in Fig. 1. For 
each iteration when the next  sample is available, the 
weights of the transversal filter are  adapted according 
to  the following equations 

w(n + 1) = w(n) + px(n)e*(n) (1) 

where 

~ ( n )  = complex filter weights on  the nth iteration 

= [web), W l  (n) ,  . . . , WL-1 ( 4 1 '  
e(n) = error  signal = d ( n )  - y(n) 

y(n) = filter output = wT(n) . x(n) 
d ( n )  = input  signal 
z(n) = reference signal = d ( n  - A) 
x(n) = L-dimension reference vector 

= [z(n),  z(n - l), . . . , z(n - L + l)]' 
p = constant  step-size  parameter 
A = constant  decorrelation  parameter 
L = filter length 

THE POINT-TARGET SIMULATOR. 

The  point-target  simulator, used in verifying the al- 
gorithm  and making  parameter  selections, is shown 
in  Fig. 2. The  radar's  parameters  are specified in 
the left-top  corner. Noise consists of thermal  ran- 
dom noise, discrete sinusoidal tones,  and narrow- 
band  modulation signals (AM,  FM, . . . ). They  are 
characterized by their  amplitudes, frequency loca- 
tions,  and  bandwidths  with respect to  the  radar sig- 
nal. The  option of using a sniffer pulse to  periodi- 
cally measure the  RFI environment was incorporated. 
The combined radar-and-noise  signal is  fed into  an 
A/D converter using either  8-bit  or block-floating- 
point (BFPQ) quantization scheme. The A/D out- 
put is the  input  to  the LMS adaptive filter which 
gives as  its  outputs  the  estimated  RFI signal and  the 
cleaned radar signal. In the examples shown in Fig. 3, 
the chirp  signal  has a bandwidth of 40  MHz and  its 
signal-to-noise ratio (SNR.) is 10 dB.  The R.FI  con- 
sists of six tones  and two FM  signals. The tones  are 
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at frequencies *3, H O ,  and f 1 5  MHz, with  ampli- 
tudes  (interference-to-signal ratio, ISR.) 12, 13, and 
17 dB, respectively. The FM signals have center fre- 
quencies of *12 MHz, with  bandwidths of 100 kHz 
(typical for FM radio  channels),  and IS% of 15 dB. 
The initial  phases of all RFI signals are picked at 
random. 

RESULTS 

Fig. 3 shows the  outputs of the pulse compression fil- 
ter for the unfiltered,  filtered, and ideal  radar signals. 
The presence of RFI makes it difficult to  detect  the 
target  (top  graph).  The  adaptive filter helps in re- 
ducing the sidelobe energy and enhancing the target 
visibility (middle  graph). The compressor output of 
the filtered signal  compares favorably with the ideal 
case (bottom  graph). Using the optimal design pa- 
rameters  obtained from the  radar  simulator, we have 
applied the TDLMS  adaptive filter to a test  site  near 
Petaluma, California. The range-Doppler images of 
the scene is shown in Fig. 4. Compared  with the 
R.FI-contaminated images (top)  the cleaned images 
(bottom) show remarkable  improvement. The filter 
effectively removes artifacts  (RFI  stripes  spread over 
the whole scene) and enhances the  targets’ visibility 
(such as  streets  and  other small  stand-alone  features) 
which are difficult to detect from the  top image. 

CONCLUSION 

We have presented an  adaptive filtering technique to 
remove R.FI from wideband SAR. signals. The fil- 
ter employs the least-mean-square  algorithm to up- 
date  the filter weights. This weight update scheme 
requires  no matrix solving or calculation of the cor- 
relation coefficients. The filter design is very simple 
since there  are only three design parameters.  Yet, 
the filter can adapt  to  the noisy R.FI environment. 
We have also described the simulation  procedure to 
show the filter’s working principle and  to  obtain  the 
optimal values for the design parameters.  Finally, 
we have displayed the RFI-contaminated image and 
compared it  with a much improved image. Our  future 
efforts include fast versions of the adaptive filter and 
automatic  determination of the design parameters. 
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Figure 1.: The LMS adaptive  filter 
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Figure 2: RFI Simulator Block Diagram 
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Figure 3: Comparison of outputs of pulse  compres- 
sion  filter. 

Figure 4: NASA/JPL  P-band TOPSAR./AIR.SAR. 
images. (A) and (B) RFI  contaminated  rural  and 
hilly areas,  respectively; (C)  and (D) same  areas 
cleaned  with LMS adaptive  filter. 


